We investigate the way the fundamental strings are related to supergravity background. That means once the endpoints of the D-strings are electrified we found that the flat space becomes curved one. To prove that, we study the electrified relative and overall transverse perturbations of fuzzy funnel solutions of intersecting (N, N f )-strings and D5 branes in flat and then supergravity backgrounds. We deal with the linearized equations of these perturbations. As result the perturbations have a discontinuity which corresponds to a zero phase shift realizing Polchinskis open string Neumann boundary condition. Also we get an interesting result; in flat space once the electric field E is turned on these perturbations decrease and when E is close to the critical value the perturbations disappear forever and the string coupling becomes strong. At this stage the space is considered curved. Also the potential associated to the perturbations on the funnel solutions goes to +∞ for all E in curved space but it goes to −∞ for E ≈ 1 λ in flat space. In supergravity background, the +∞ potential could be a sign to the absence of the perturbation effects and in flat background the −∞ potential could mean a kink to increase the Φ velocity to disappear. *
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We investigate the way the fundamental strings are related to supergravity background. That means once the endpoints of the D-strings are electrified we found that the flat space becomes curved one. To prove that, we study the electrified relative and overall transverse perturbations of fuzzy funnel solutions of intersecting (N, N f )-strings and D5 branes in flat and then supergravity backgrounds. We deal with the linearized equations of these perturbations. As result the perturbations have a discontinuity which corresponds to a zero phase shift realizing Polchinskis open string Neumann boundary condition. Also we get an interesting result; in flat space once the electric field E is turned on these perturbations decrease and when E is close to the critical value the perturbations disappear forever and the string coupling becomes strong. At this stage the space is considered curved. Also the potential associated to the perturbations on the funnel solutions goes to +∞ for all E in curved space but it goes to −∞ for E ≈ 1 λ in flat space. In supergravity background, the +∞ potential could be a sign to the absence of the perturbation effects and in flat background the −∞ potential could mean a kink to increase the Φ velocity to disappear.
Introduction
In the literature, Many results using the non-Abelian Dirac-Born-Infeld (DBI) effective action have dealt with brane intersections and polarisation [1, 2, 3, 6, 5] . Using this action, the study of brane intersections has given a realization of non-commutative geometry in the form of so-called fuzzy funnels [7, 8, 9, 11, 12, 10] . In the context of time dependence in string theory from the effective D-brane action, we expect that the hyperplanes can fluctuate in shape and position as dynamical objects.
The present work concerns the branes intersection problem of (N, N f )-strings with D5-branes in flat and curved spaces by treating the relative and overall transverse perturbations. And it will be devoted to extend the research begun in [9, 11, 12] . We include a perturbation in the D5-brane configuration by simply adding higher order symmetric polynomials in the G i (matrices defined in terms of Euclidean gamma matrices, such that 1 2 [G i , G j ] are generators of SO (5) rotations [19] ) to the Matrix configuration as we introduced it in zero and non-zero modes. We study the spatial perturbations of the moving D1-branes as the electric field is switched on. In fact the electric field turns the N D-strings into a (N, N f )-strings by dissolving the fundamental string degrees of freedom into the world volume. The calculations proves that the system obeys Neumann boundary conditions. Hence the endpoints lie on the hyperplane are still free to move in. Then the string endpoint can be anywhere: it just corresponds to an ordinary Chan-Paton factor.
We consider the non-abelian Born-Infeld (BI) dynamics of the dyonic string such that the electric field E has a limited value. If we suppose there is no excitation on transverse directions then the action of D1-branes is
The limit of E attains a maximum value E max = 1 λ just as there is an upper limit for the velocity in special relativity. In fact, if E is constant, after T-duality along the direction of E the speed of the brane is precisely λE so that the upper limit on the electric field follows from the upper limit on the velocity. Hence if this critical value arises such as E max > 1 λ the action ceases to make physical sense and the system becomes unstable. Since The string effectively carries electric charges of equal sign at each of its endpoints, as E increases the charges start to repel each other and stretch the string. For E larger than the critical value, the string tension T 1 can no longer hold the strings together.
In this study, the electric field is fixed in terms of string coupling g s by the relation
that means N f g s >> 1 and g s is strong and the system should be described by Quantum Field Theory (QFT) in curved space where no perturbations show up. Hence our electric field sent us to other theory such our space is not flat any more. Our D5-brane background is transformed to supergravity background. And to be sure about the effect of E. We study the perturbations in the case of curved space and that was great; we didn't get any perturbation for all E. Consequently, in flat space, the perturbations are disappearing because of the presence of E which affects the background and make a transition from flat to super-gravity background which can be interpreted as inducing an increase in the velocity of the perturbations in both backgrounds.
We start by a brief review on D1⊥D5 branes with D-strings and then (N, N f )-strings by using the non-abelian BI action in section 2. We give the solutions of the linearized equations of motion of the relative transverse perturbations in flat space in section 3. Then in section 4, we treat the overall transverse perturbations in zero and non-zero modes propagating on a dyonic string in the super-gravity background of the orthogonal D5-branes. The conclusion is presented in section 4.
D1⊥D5 Branes in Flat Background
In the case of intersecting D5 and D1 branes, D-strings can end on D5-branes, but they must act as sources of second Chern class or instanton number in the world volume theory of the D5-branes. Hence D5 world volume description is complicated because of the second chern term which is not vanishing. Its dual picture is the non-abelian viewpoint of the D-strings which grow into D5-branes by using non-commutative coordinates. In this section we briefly review this description and then we discuss the case of fundamental strings.
Electric field is off
The fuzzy funnel configuration in which the D-strings expand into orthogonal D5-branes shares many common features with the D3-brane funnel. The action describing the static configurations involving five nontrivial scalars as discussed in [7] is
using 
The funnel solution is given by suggesting the following ansatz
i = 1, ..., 5, whereR(σ) is the (positive) radial profile and G i are the matrices constructed by Castelino, Lee and Taylor in [19] . We note that G i are given by the totally symmetric n-fold tensor product of 4×4 gamma matrices, and that the dimension of the matrices is related to the integer n by N = (n+1)(n+2)(n+3) 6
. The Funnel solution (2) has the following physical radius
with c is the Casimir associated with the G i matrices, given by c = n(n + 4), and the resulting action for the radial profile R(σ) is
with
. We note that this result only captures the leading large N contribution at each order in the expansion of the square root.
Electric field is on
In complete analogy with the calculations treated in [9, 11, 12] the analysis is extended and the present work is involving fuzzy four-spheres based on G i . To extend the discussion to dyonic strings we consider (N, N f )-strings and the description of the system is based on non-abelian view point of strings as growing into D5-branes. The fundamental N f strings are introduced by adding a U(1) electric field denoted F τ σ = EI N , with I N the N × N identity matrix. For a fixed E we consider the quantization condition on the displacement
Then the electric field is expressed in terms of string coupling g s and the number of fundamental strings N f ,
The electric field is turned on and the system dyonic is described by the action
The action can be rewritten as
with i, j = 1, ..., 5, a, b = τ, σ. We insert the ansatz (2) and
in the action (6). Then we compute the determinant and we obtain
The funnel solution is
Using the action (8), we can derive the more lowest energy ξ min as the electric field is present and
such that
The energy (10) can be rewritten in the following expression
In this equation (11),
(2πls) 4 and we can interpret the four terms as follows; the first term is the energy of N f strings and the second is the energy of 6N c ≈ n (for large N) D5-branes and the third is of N D-strings running out radially across D5-brane world volume and the last term is a binding energy
The lowest energy is gotten more lowest as the the value of electric field is more important. The equation (11) can be solved by considering various limits. For small R, the R 4 term under the square root dominates, and we find the funnel solution. Then the physical radius of the fuzzy funnel solution (9) is found to be
with an upper bound on the electric field E < 1 λ . If we consider large R then the solution is
This shows the harmonic behavior of D5-brane when σ goes to zero. We remark that the obtained result coincides with the one discussed in [7] (in which E is turned off) as the higher order terms in the BI action would effect a transition from the universal small-R behavior to the harmonic expansion at large R (σ goes to zero). The effect we get at this stage when the electric field is turned on is that R is going up faster as σ goes to zero once E reaches approximately 1 2λ
as shown in figure 1 , and we are on D5-brane. It looks like the electric field increase the velocity of the the transition from strings to D5-branes world volume. Also we remark that D5 brane got highest radius once E close to its critical value, in this case we note the string coupling is
In all the figures of this work, x is identified to σ.
Relative Transverse Perturbations in Flat Space
In this section we we give an examination of the propagation of the perturbations on the fuzzy funnel by considering fundamental strings in flat background. We discuss the relative transverse perturbations which are transverse to the string, but parallel to the D5-brane world volume (i.e., along X 1,..,5 ). We give the relative transverse perturbations in the following form
with i = 1, .., 5 and I N the identity matrix. By inserting this perturbation into the full (N, N f )-string action (7), together with the funnel (9) the action is found to be
Then, in large and fixed n the equations of motion are
Let's suggest that
in the direction of δx i with Φ i is a function of σ and the equations of motion become
which can be rewritten as
Since the system looks complicated, we simplify the calculations by dealing with asymptotic analysis; we start by the system in small and then the large σ limits.
Small σ Region
In this region, we see that σ 8 dominates and the equations of motion are reduced to
with the potential
The progress of this potential is shown in the figure 2; when we are close to the D5-brane the potential is close to zero and once E is turned on it gets negative values until E is close to its maxima, we see this potential goes down too fast to a very low amplitude minima (−∞). This phenomena should have a physical meaning! This could be as a kink to increase the Φ velocity to disappear. Now let's solve the equation (22). We consider the total differential on the perturbation. Let's denote ∂ σ Φ ≡ Φ ′ . Since Φ depends only on σ we find
An integral formula can be written as follows
which gives Φ
We integrate again the following
We get
and the perturbation in small σ region is found to be
with β and α are constants.
We plot the progress of the obtained perturbation. As shown in figure 3 , since we are close to D5-brane there is little stable perturbations for all E. We remark that for some values of E < 0.5 when we are still on the funnel solution, the perturbation appears as a peak for E close to zero and another one for E ≈ 0.4 with an amplitude maxima. And when E goes to its maxima there is no perturbation effects.
Hence the presence of E kills in general the perturbations. At this stage, according to (5) the string coupling starts to get strong which means the system background is changing. We know that with strong coupling, to treat D-branes in curved space we use QFT where the perturbations are no more.
Large σ Region
By considering large σ limit the equations of motion become
By plotting the progress of this potential (figure 4) we see as σ goes to zero the negative potential disappears slowly in general and vanishes approximately for all value of the electric field and we are on D5-brane. As we get away the potential is down. the effect of E in this time is very clear; as E goes up V slow down the decreasing until the medium of E, then V decreases too fast until its minimum value. We can say, if we get away from the intersection point there is no potential for all E, but close to the funnel solution the potential shows up as negative values going up and down with E goes to its maxima. Close to this last value, again in this case, the same behavior as for the potential in the small region. The only difference; the potential amplitude is very smaller than the one in the small region. Consequently, the electric field has the same effect on V in the both regions of σ but with different values Now, The equation (30) can be rewritten in the following form
and
The equation (32) is a Schrödinger equation for an attractive singular potential ∝σ
and depends on the single coupling parameter κ with constant positive Schrödinger energy. The solution is then known by making the following coordinate change
Thus, the equation (32) becomes
Then, the perturbation is found to be
This perturbation has the following limit; since we are in large σ region Φ ∼ e ±iχ(σ) . This is the asymptotic wave function in the regions χ → +∞, while around χ ∼ 0; i.e. σ ∼ √ κ, Φ ∼ 2
. Owing to the plotting of the progress of this perturbation given by the figure below (x is identified toσ in the figure), by considering the real part of the function, we remark that Φ has a different expressions in small and large σ regions. The perturbation solution is totally different from the one gotten in small σ limit. Then the system is divided into two regions which means the perturbations have a discontinuity which implies Neumann boundary conditions for the perturbations and that the end of an open string can move freely on the brane in dyonic case, which means the end of a string on Dp-brane can be seen as an electrically charged particle.
The perturbations are there on (N, N f )-string close to the D5-brane (figure 5) and it is slowing down as E is turned on and it started to disappear once E reaches the value for all values of σ. The effect of E is very surprising. The presence of E stops the perturbations on the strings and specially on the funnel solution.
No electric field means the intersecting point is in high perturbation. Then when E is turned on the perturbations decrease until E is close to its critical value. and the perturbations are no more. They are killed by E from the funnel solution through the string which matches very well with the fact that g s got strong at this point according to the relation (5). Then we can suggest that the presence of the electric field changes the background of D-branes from flat to supergravity background (where the string coupling is strong).
Dyonic Perturbations in Curved Space
In this section we investigate the intersecting D1-D5 branes in curved space i.e. using the non-linear σ-model. As we start our project we are still considering the presence of the electric field and the resulting configuration is a bound state of fundamental strings and D-strings. Under these conditions the bosonic part of the effective action is The Non-Abelian BI action
with T 1 the D1-brane tension, G the bulk metric, (for simplicity we set the Kalb-Ramond two form B to be zero), φ the dilaton and F the field strength. a, b = τ, σ and i, j = 1, 2, 3, 4, 5. Furthermore, P denotes the pullback of the bulk space time tensors to each of the brane world volume. The matrix Q is given by
, with φ i are the transverse coordinates to the D1-branes.
We consider the supergravity background and the metric of n D5-branes
with φ the dilaton and µ, ν = τ, σ and a and b are the transverse directions to the source. For the D3⊥D1 system, it was found that the linearized equations for the full BI action encoded some of the modifications of the supergravity background generated by the D3-branes [16] . Here we consider the analogous analysis for the fuzzy funnel describing the dyonic case of intersecting D1-D5 branes. In our work we treat E as a variable to discuss its influence on the perturbations.
Let's consider another interesting investigation concerning the perturbations propagating on a dyonic string in the supergravity background of an orthogonal 5-brane in the context of dyonic stings growing into D5-branes. The study is focused on overall transverse perturbations, δφ i = i f (τ, σ)I. Where i = 6, 7, 8, 9 and I is N × N identity matrix. The action describing the intersecting D1-D5 branes in the supergravity background is given by
We deal with the zero mode and the equations of motion of the perturbations are found to be
If we considerσ 2 = σ 2 + L 2 the equations of motion become
We define the perturbations as
with δx i (i = 6, 7, 8, 9) the direction of the perturbation and the equation (44) becomes
with the potential V = −w
The figure 6 shows the variation of the potential V in terms of σ. We remark approximately the absence of the potential for all large values of σ and V goes to zero as E goes to 1 λ . When σ is too close to zero, in this case V is negative and goes down too quick for all E and the potential is not that low. In addition, in the curved space the effect of E approximately absent.
Let's solve the differential equation (46). As we see this is the Heuns equation and the solution is the perturbation
with η and β are constants. The figure 7 shows the variation of the perturbation in terms of the electric field E and the coordinateσ. We set λ = 1, w = 1 and n = 10 2 (x is identified toσ in the figure). Here the perturbations are quite far from the intersecting point and they are showing up as a peak in a special position on the string and this is for low electric field. In general no perturbation effects for all E in this case.
Let's now consider the non-zero modes and the perturbations could be written in this form δφ m (σ, t) = 
with ǫ i 1 ...i ℓ antisymmetric tensor and β a real number. To obtain a specific spherical harmonic on 4-sphere, we have 
with V (σ) = V 1 + V 2 + V 3 and
These expressions can be treated by taking into account the limits of σ such as σ goes to zero (we are close to D5-brane world volume) and the infinity (as we go away radially from D5 world volume through the strings). For small σ, V 3 dominates and in large σ, V 1 + V 2 will dominates. It's clear for now on that the system in the present background will get different potentials and perturbations from region to other which support the idea of Neumann boundary condition in supergravity background.
We start by small σ region, and the plot of V 3 (figure 8) shows that if σ goes to zero then the potential goes to +∞. Physically this behavior should means something! This could be a sign to the absence of the perturbation effects.
We remark that the electric field does not have any influence on the perturbations in non-zero mode but only the influence of the supergravity background.
Then the perturbation for the each mode ℓ is gotten
HeunT
(54) with b 1 and b 2 are constants and d = ℓ(ℓ + β)λ 6 n(n + 1)α i α m w 2 . We tried to plot this function but noway we could not get any perturbation for the values λ = 1, w = 1 and for all E, ℓ > 4 and n > 1 in the region σ ∈ [0, 10].
Let's move to the large σ. As σ goes to infinity we see the potential goes to zero (figure 9) but when we are close to the D5-brane the potential goes up too quick and reaches the maximum value as σ approaches the small σ region, approximately for all E. Then the electric field does not have influence on the behavior of the potential in curved space.
Also as we are still close to the funnel solution, the potential shows up with little values by comparison to the case of small region and for all E which means E does not change anything in the case of curved space.
The perturbation for each mode is
with a 1 and a 2 are real constants. The figure 10 shows the variation of this function.
We get that for all E, ℓ = 10 and n = 10, there is perturbations on the strings so far from the funnel solution and when n goes up the perturbations in this region decrease until we loose them. Also we remark that when ℓ >> 10, the perturbations are very important but too far from D5 brane. In general in curved space, there is no perturbations in the region of the funnel solutions for all E.
Discussion and Conclusion
In low energy world volume theory, we have discussed in particular the perturbations of a set of (N, N f )-strings ending on a collection of n orthogonal D5-branes in dyonic case by considering flat and curved spaces. The fundamental strings ending on an orthogonal D5-branes act as an electric point sources in the world volume theory of D5-brane and the perturbations in both flat and curved spaces were studied from this point of view. In this context, we found that the semi-infinite fuzzy funnel is a minimum energy configuration by imposing singular boundary conditions that have interesting physical interpretation in terms of D-brane geometries. The transition between the universal behavior at small radius of the funnel solution and the harmonic behavior at large one in terms of electric field is mentioned too. Also the energy of D1-D5 branes is found to be a sum of four parts depending on the electric field E and all these energies are decreasing as E goes to 1 λ . The first is for N f fundamental strings extending orthoganally away from the D5-branes and the second for the n D5-branes and the third for the N D-strings extending out radially in D5-branes and the forth is the binding energy. We have reviewed in brief the intersecting D1-D5 branes in flat background by considering the presence of electric field and we have investigated the relative transverse perturbations of this system. Specifically, We have treated the perturbations of the funnel solutions and discussed the associated potentials in terms of the electric field and the spatial coordinate. After that we have considered the same system in supergravity background and we have investigated the overall transverse perturbations and its associated potential in zero and non-zero modes. We found an important feature caused by the presence of E. The important remark we got is the singularity appearing in the zero and non-modes of relative and overall perturbations in the both backgrounds. We notice that when the electric field is going up and down the potential of the system is changing and the perturbations of funnel solutions as well which causes the division of the system into tow regions depending on E ∼ 1/λ and E ≪ 1/λ. Consequently, the end point of the dyonic strings move on the brane which means we have Neumann boundary condition.
The other main and very important feature we got from this investigation is the following; the presence of electric field flux on the the strings changes the background of the system. We proved explicitly that when the coupling is going to be strong which means E goes to its critical value, we should move to QFT to describe the system. In curved space the little influence of the electric field decreases from zero mode to non-zero modes by contrast in the case of flat space that was very clear when E is turned on the perturbations change their behavior in general. E forces them to disappear as it is close to the critical value and in meantime the string coupling is getting strong. The string coupling is strong means N f g s >> 1 then E ≈ 1 λ which is the critical value and if the electric field exceeds this value the system will be non-physical phenomena. To be out of this problem we should choose another theory to describe our system. In the case of weak coupling N f g s << 1 the electric field will be approximately E ≈ [. We mention here that if E goes to zero then N f g s does too which means the number of fundamental strings decreases and simply the endpoints of the strings loose their electric charges and viceversa. In curved space, we can say the electric field E has no effect on the intersecting point. We can connect then the phenomena to the electric field E and the string coupling g s such as E and g s are connected by the relation (5) . We see that once E is turned on and goes up g s is getting stronger. At the critical point, E reaches its maxima and g s is strong then the space should become curved. Hence we can remark at this stage that the effect of E looks like it transforms the flat space to curved one.
